Heme oxygenase (EC 1.14.99.3) is an essential enzyme in heme catabolism that cleaves heme to form biliverdin, releasing carbon monoxide and iron (Tenhunen et al. 1969 ). In mammals, biliverdin is subsequently converted to bilirubin by biliverdin reductase. Heme oxygenase is a unique enzyme that produces carbon monoxide and also plays an important role in iron turnover. By analogy to nitric oxide, carbon monoxide has been suggested to function as a signaling molecule (Marks et al. 1991 ). There are two isozymes of heme oxygenase: heme oxygenase 1 (HO-1) and heme oxygenase 2 (Mains et al. 1986), both of which share about 40% similarity in amino acid sequence (Yoshida et al. 1988; McCoubrey et al. 1992 ) but are regulated in distinct manners (Mains et al. 1986; Shibahara et al. i993). It is noteworthy that only HO-1 is iducible by various environmental factors (for review, see Shibahara 1994), such as its own substrate heme and heavy metals. HO-1 was suggested to constitute a part of the defense system against oxidative stress, since biliverdin or bilirubin produced locally may work as a physiological antioxidant (Stocker et al. 1987 ).
It is thus of clinical significance to determine the chromosomal localization of the human HO-1 gene, which may allow us to find a hitherto unknown disorder linked to the HO-1 gene locus.
To determine the chromosomal localization of the human HO-1 gene, we analyzed the genomic DNA of 25 human-hamster somatic cell hybrids using PCRab1eTM DNA kit (BIOS Corp., New Haven, CT, USA). The conditions for PCR amplification were 25 cycles of the reactions: 94°C for 1 min, 60°C for 2 min, then 72°C for 3 min. The specific primers were the nucleotide residues 846/866 and the sequence complementary to 1137/1157 of a human HO-1 cDNA pHHO1 (Yoshida et al. 1988) , which allowed to amplify the exon 5 sequence of the HO-1 gene. Under the conditions used, the PCR products of about 310 by were amplified from human DNA, but not from hamster DNA, indicating the specific amplification of the human HO-1 gene sequence (Fig. 1) . The PCR products of human HO-1 gene were detected in three cell hybrids, designated as 803, 683, and 1099 (lanes 5, ii, and 25), all of which contain the human chromosome 22 according to the Chromosome Complement of Somatic Cell Hybrid Panel (BIOS). No discordant hybrids were present. These results, combined with the fact that the human HO-1 gene is encoded by a single gene (Shibahara et al. 1989 ), indicate that HO-1 gene is located on chromosome 22.
To define the precise region of the HO-1 gene, we then performed fluorescence in situ hybridization (Fig. 2) . A probe set used was the 8-kb and 6-kb EcoRI fragments containing the 5'-half (exons 1-3) and 3'-half (exons 4 and 5) of the human HO-1 gene, respectively (Shibahara et al. 1989 ). Direct R-banding fluorescence in situ hybridization and sequential G-banding by Wright Giemsa staining were performed to determine the signal position as described elsewhere (Kuwano et al. 1991) . Of 50 metaphases examined, five showed symmetrical double spots at both homologous 22q, and another 18 metaphases showed double spots on a single chromosome 22q (Fig. 2) , thereby confirming the results obtained with the somatic cell hybrids. All double spots and 75% of the single spot detected were on chromosome 22g12. We therefore assign the human HO1 gene to chromosome 22g12.
It is noteworthy that chromosome 22 is one of the shortest human chromosomes but is involved in various diseases related to malignancies (for review, see Kaplan et al. 1987 ). Recently, a physical map of the chromosome 22g12 region was reported and this region encodes novel genes responsible for neurofibromatosis type 2 and meningioma (Ruttledge et al. 1994 ). Thus, the present study is helpful to complete a physical map of the region 22g12, which in turn may allow to find a hitherto unknown disorder linked to the HO-1 gene locus. Prometaphase chromosomes, prepared from thymidine synchronized lymphocytes, were stained with Hoechst 33258, exposed to a black lamp, denatured, and in situ hybridized with biotinylated probes (Kuwano et al. 1991) . After signal detection and amplification, slides were mounted in 1 ug/ ml propidium iodide and analyzed with a Nikon Optiphoto-2 fluorescence microscope, equipped with a filter combination B-2A (excitation at 450-490 nm). The R-banded chromosomes with signals were photographed with Ektachrome ASA 100 film (Kodak, Rochester, NY, USA). The slides were then destained, treated with borate bufler, G-banded, and photographed the same prometaphase.
Arrows indicate double spots on chromosome 22g12 (A, C), and sequential G-banded chromosomes (B, D).
